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How much sleep 
did you get last 
night?
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>9 hours
7-9 hours
<7 hours
<6 hours
Defining Fatigue
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Acute sleep loss 
(e.g., staying awake too long)
Cumulative sleep loss 
(e.g., losing a little sleep 
several nights in a row)
Circadian misalignment 
(e.g., trying to stay awake at 
night when your body is 
designed to sleep)
Poor sleep quality
(e.g., disrupted by noise, sleep 
disorders)
Fatigue Countermeasures
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NAPS CAFFEINE
Napping
• Naps are the best countermeasure to fatigue
• Longer naps tend to give longer benefits
• Short naps can also be beneficial
• Benefits of a nap depend on:
• Duration and quality of sleep
• Timing of nap
• Sleep/wake history
Fatigue Management & Human Factors in our 24-hour society
Singapore | 9 December 2019 5
How to make the most of a nap
• Sleep environment
• Listen to your body clock
• Nap before your head nods
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Dark
Quiet
Cool
Flat/reclined
Safe
How to make the most of a nap
• Sleep environment
• Listen to your body clock
• Nap before your head nods
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Aim for: afternoon / night
Avoid: evening
How to make the most of a nap
• Sleep environment
• Listen to your body clock
• Nap before your head nods
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Nap proactively at work
Head nodding = sleep
Nap benefits vary
Which statement is correct?
a) A 10 minute nap can improve performance for up to 3 hours!
b) A 10 minute nap can stabilize performance for up to 1 hour.
c) A 10 minute nap does nothing to change performance.
d) All of the above.
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(Brooks & Lack, 2006; Hilditch et al, 2016; Hilditch et al., 2017)
2pm, 7h awake = improve 4am, 21h awake = stabilize 7am, 24h awake = no change
A 10-minute nap at…
Napping in the Workplace
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•Benefits
•Challenges
Napping in the Workplace: Benefits
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•Medical Interns 
•Commercial pilots
Napping in the Workplace: Benefits
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• Medical interns can work up to 30-hour shifts
• Unprotected napping opportunities result in low 
rates of adherence, short sleep
• Trialed a 3-hour protected napping opportunity
• Nap 1: 00:00-03:00; Nap 2: 03:00-06:00
• Compared to group who could nap at any 
time, but had no protected time window
Napping in the Workplace: Benefits
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Protected nap group
• ≥2.4h sleep in both sleep periods
• Slept longer than controls (1.6h)
• Less likely to have nights with no sleep
• Better performance (reaction time task)
• No differences in patient outcomes
• Not observed: general quality of life for interns, traffic accidents, etc.
Napping in the Workplace: Benefits
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Fatigue in aviation
• 58% of pilots report unintentionally 
falling asleep while flying
• Pilots have been observed having 
microsleeps during cruise and 
critical phases of flight
• Up to 56% of US pilots surveyed 
admit to taking an unapproved nap 
in the cockpit
CBS NEWS
NTSB: Both Pilots Asleep on 
Hawaii Flight
Aug 3, 2009
“The National Transportation Safety Board determines the probable 
cause(s) of this incident as follows:
• The captain and first officer inadvertently falling asleep during the 
cruise phase of flight. 
• Contributing to the incident were the captain's undiagnosed 
obstructive sleep apnea and the flight crew’s recent work schedules, 
which included several consecutive days of early-morning start times.”
(NSTB Report SEA08IA080, 2009)
2
Napping in the Workplace: Benefits
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Controlled Rest Study
• Pilots given a 40-min nap 
opportunity in-seat
• Sleep achieved in nap: 93% 
• Average total sleep time: 26 min
• Increased performance & alertness
• Reduced risk of unintentional sleep 
in cruise 
• Eliminated microsleeps in critical 
phases of flight
www.nasa.gov
Napping in the Workplace: Benefits
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Best Practice Guidelines
• Sleep inertia and napping science
• Recovery period
• When to use
• Minimum Safeguards
• Handover briefing
• Cabin crew check 
• Education
• Integrate into FRMS
• Not a replacement for other FRMS 
standards
https://flightsafety.org/wp-
content/uploads/2018/11/Controlled-
Rest.pdf
Napping in the Workplace: Challenges
• Safety culture
• Sleeping environment
• Sleep inertia
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 Transparent and effective 
communication
 Involve all stakeholders from the 
start and throughout
Napping in the Workplace: Challenges
• Safety culture
• Sleeping environment
• Sleep inertia
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 As good as you can get it
 Unique challenges
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How do you feel 
when you first 
wake up?
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1 – Extremely alert
2
3 – Alert
4
5 – Neither alert nor sleepy
6
7 – Sleepy, but no effort to stay awake
8
9 – Extremely sleepy, fighting sleep
What is sleep inertia?
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“Immediately after getting up … 
one is not at one’s best” 
(N. Kleitman, 1939)
What is sleep inertia?
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• Grogginess
• Disorientation  
• Tendency to fall back to 
sleep
• Impaired cognitive 
performance
• Typically short-lived 
(<30min)
• Reaction time
• Memory
• Calculations
• Information processing
• Decision making
• Tactical planning
Level of impairment
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Wertz et al., 2006
Who is at risk?
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• Working on-call; napping on-shift
• Tasks performed soon after waking:
• Driving/flying to/for/from work
• Processing information
• Making decisions
Inertia in the real world
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Factors that affect 
sleep inertia
Prior sleep loss
Circadian rhythm 
Prior sleep duration 
Sleep stage/depth 
Proactive 
countermeasures
Minimize prior sleep loss
Avoid nocturnal 
awakenings
Keep naps short 
(“<30min”…)
In reality…
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• Sleep inertia can occur after 
ANY sleep period
• Always include a recovery 
period (~20min)
• Re-arrange safety-critical 
tasks
• Operational constraints 
often prevent proactive 
countermeasures
Potential reactive countermeasures?
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Takes ~20min 
to have an 
effect
Caffeine Light Sound
Temperature Exercise Scents
Cooling 
extremities 
to warm-up 
core
Increase 
blood flow 
rate, cortisol
Light 
intensity and 
wavelength 
matter
Favourite
music might 
help 
subjectively
Olfactory 
stimulation, 
e.g. 
peppermint
Key points
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• Napping is beneficial for improving:
• alertness, performance, safety
• Nap benefits vary based on:
• length, timing, quality, prior sleep
• Unique challenges to overcome in each workplace
• Learn from other industries, consult your workforce & stakeholders
• Sleep inertia must be managed
• Try proactive countermeasures, protect the recovery period, stay tuned for 
reactive countermeasures!
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Thank you
Personal photo
